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Transmission Electron Microscopy (TEM)
Sample for TEM analysis were prepared on QUANTIFOIL carbon-covered copper grids by the drop-casting method. The transmission electron microscope was operated in bright-field mode at 200 kV acceleration voltage.
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Time-resolved diffuse-reflectance infrared Fourier-transform (tr-DRIFT) spectroscopy
The results of the DRIFT measurements are reported in two forms. Steady-state spectra of the samples are reported in reflectance units with KBr (Sigma-Aldrich, IR grade) being used as the reference material. Qualitatively, the reflectance DRIFT spectra can be interpreted similar to transmittance data: lower reflectance means higher absorption of the probing IR irradiation by the material compared with KBr. For convenience, the difference spectra were converted into absorbance units allowing for the qualitative analysis of the light-induced (i.e. bleaching of bands and appearance of other spectral features). However, due to the energy dependence of the probing beam, the penetration depth and the intensity of the spectral features at lower wavenumber is overestimated compared with real transmittance measurements. Therefore, no quantitative analysis of the IR active species was performed.
The decay profiles at given energy of the probing IR irradiation were extracted from the 3D data set by means of Bruker's OPUS 7.5 software package using the rapid scan option. These profiles were converted into ASCII data files and processed with Origin 9.0 software package.
The spectroscopic signal arising from particular species is expected to be proportional to the amount (concentration) of these species in the sample. Therefore we attempted to fit the experimental decay curves with simple mono-and bi-molecular kinetic models:
Where A t (ν) -absorption signal at the IR wavenumber ν and time t; A 0 (ν) -initial signal intensity at wavelength ν; k 1 and k 2 -apparent first-and second-order decay constant, respectively; B ∞ (ν) -dimensionless constant representing non-zero signal (offset) at the end time. We found that simple first-order decay kinetic does not describe the experimental data in a reliable manner, while second-order kinetic model gives much better fits (see figure below).
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Figure S1
Experimental kinetic curve fit with three different models.
Similar to the second-order kinetic model the decay curves can be reliably fit with a sum of two exponents (see the picture above): Cooling of the sample below 0 °C led to a substantial decrease of water bands intensities (1622 and 3400 cm -1 ) and changes in the stretching O-H bands (inset Figure S7) . At low temperatures, the intensities of the 3695, 3660 and 3631 cm -1 bands decreased while a terminal O-H band at 3720 cm -1 became more prominent. Note that spectra of the sample at -10 °C and -70 °C were very similar to the red curve shown in Figure S6 .
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Figure S9 TEM micrographs, XRD patterns, diffuse-reflectance UV-vis spectra, bandgap and BET surface area of as-delivered TiO 2 P25. S14
